Evaluating antiproliferative drug activity on cells in vitro is a widespread practice
in basic biomedical research and drug discovery. Typically, quantitative
assessment relies on constructing dose-response curves from end-point
assays, for which the de facto standard metric is the number of viable cells 72 h
after drug addition. Using theoretical modeling and experimentation, we have
shown that current metrics of antiproliferative small molecule effect suffer from
time-dependent bias, leading to inaccurate assessments of parameters such as
drug potency and efficacy. We proposed the drug-induced proliferation (DIP)
rate, the slope of the line on a plot of cell population doublings versus time, as an

Cells are engineered to express fluorescent protein-conjugated histone H2B and a cell
cycle indicator (mMAG-gem1-110) as described (Tyson et al., Nat Methods 2012,
doi:10.1038/nmeth.2138). Cells are seeded into 384-well plates at densities ranging from
200-800 cells per well. Up to 42 plates can be run in a single experiment in the HTS core
and each plate is uniquely identified using barcodes. Plates are loaded into a Cytomat
cell incubator and transported one at a time to the barcode reader and into an
ImageXpress Micro XL bioimager (Molecular Devices). Images are acquired in each well
(308 wells per plate) continually over 72 h when medium and drug are replaced followed
by another 48 h of imaging. A video of the automated image acuisition can be seen by
scanning the QR codes below on your smartphone or tablet.
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To accommodate the very large datasets (over 200,000 images and >2 TB per
experiment), a parallel-processing-based image analysis pipeline was developed. We
used freely available software tools and custom-written code in R and Python and
Python-based tools for distributed processing (RabbitMQ and Celery)

from ImageXpress in HTS core)
alternative, time-independent metric that eliminates bias due to proliferation

rates and drug activity delays. The DIP rate analytical platform incorporates
time-lapse cell imaging, automated image processing and cell counting. Feature
acquisition (e.g., division or death) at the single-cell level is also available, if
desired. These data can be incorporated into mathematical models to predict
cellular response dynamics to drug treatment, as well as both genetic and
non-genetic perturbations. Here we present our approach for scaling the DIP rate
platform to a high-throughput screening format capable of obtaining data for
approximately 13,000 unique conditions at 12 time points over 5 days. With
appropriate, measurable conversion coefficients, it should be possible to
translate this information to in vivo experiments and other applications.
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